1 We have studied whether curcumin prevents amiodarone-induced lung fibrosis in rats. Intratracheal instillation of amiodarone (6.25 mg kg À1 on days 0 and 2, and then killed on day 3, day 5, week 1, week 3 and week 5 after amiodarone administration) induced increases in total protein and lactate dehydrogenase (LDH) activity on days 3 and 5 in bronchoalveolar lavage fluid (BALF). Total cell counts, alveolar macrophages, neutrophils and eosinophils recovered by BAL, and lung myeloperoxidase (MPO) activity were significantly higher in amiodarone rats. 2 Tumor necrosis factor-a (TNF-a) release after lipopolysaccharide (LPS) stimulation and superoxide anion generation after phorbol myristate acetate (PMA) stimulation were higher in the alveolar macrophages of amiodarone rats at 3 and 5 weeks postamiodarone instillation than in controls. Amiodarone also induced increases in transforming growth factor-b1 (TGF-b1) expression, collagen deposition, type I collagen expression and c-Jun protein in lungs. 3 Curcumin (200 mg kg À1 body weight after first amiodarone instillation and daily thereafter for 5 weeks)-treated amiodarone rats had reduced levels of protein, LDH activity, total cell numbers and differential cell counts in BALF. LPS-stimulated TNF-a release and PMA-stimulated superoxide generation were significantly suppressed by curcumin. Furthermore, curcumin inhibited the increases in lung MPO activity, TGF-b1 expression, lung hydroxyproline content, expression of type I collagen and c-Jun protein in amiodarone rats. Our results have important implications for the treatment of amiodarone-induced lung fibrosis.
Introduction
Treatment with amiodarone, a potent antiarrhythmic agent, is associated with pulmonary injury resulting in fatal pulmonary fibrosis (Gill et al., 1992) . The mechanisms for amiodarone pulmonary injury include direct toxicity to lung tissue, hypersensitivity reaction to amiodarone, enhanced oxidative stress, alteration of membrane properties and activation of alveolar macrophages and cytokine release (Kennedy et al., 1988; Wang et al., 1992; Wilson & Lipmann, 1993; Reasor & Kacew, 1996; Reinhart & Gairalo, 1997; Chung et al., 2001) . Despite a great deal of information regarding the mechanism of amiodarone-induced lung fibrosis, management of this lung disorder is frequently difficult, and unfortunately, therapeutic approaches to inhibit the development of amiodarone pulmonary fibrosis are scanty. Curcumin (diferuloylmethane), a widely used yellow curry powder from turmeric (Curcuma longa) in Indian and other Asian cuisines, has been used as a therapeutic agent because of its attractive combination of properties that include anti-inflammatory (Rao et al., 1982) , antioxidant (Kuchandy & Rao, 1990) , antifibrotic (Kang et al., 2002) and anticancer qualities (Gescher et al., 1998) . Commercially available curcumin contains three naturally occurring curcuminoids (curcumin, demethoxycurcumin and bisdemethoxycurcumin) with curcumin as the main (B77%) constituent (Ahsan et al., 1999) . Recently, we reported the antifibrotic effect of curcumin in bleomycin-induced lung fibrosis in rats (Punithavathi et al., 2000) . Emerging evidence that amiodarone administration results in interstitial and/or alveolar inflammation and release of inflammatory mediators (Chung et al., 2001) , and reports from our earlier studies that curcumin inhibited the development of pulmonary fibrosis (Punithavathi et al., 2000) are compelling reasons to use curcumin in suppressing amiodarone-induced pulmonary fibrosis. In this study, we demonstrate that curcumin treatment attenuates amiodarone-induced pulmonary fibrosis in rats.
Methods
Induction of lung fibrosis in F344 rats by amiodarone was performed following established methods (Taylor et al. , 2000; Chung et al., 2001) . Healthy male Fischer 344 rats (200 -225 g, purchased from Madras Veterinary College, India) were divided into four groups: (i) a control group, which received two intratracheal (i.t.) instillation of 0.3 ml sterile distilled water on days 0 and 2; (ii) a curcumin group, which received 200 mg kg À1 of curcumin; (iii) the third group received two i.t. instillation of amiodarone (6.25 mg kg À1 , in 0.3 ml of water): the day the first instillation was performed was marked as day 0; the second instillation was performed on day 2 and (iv) a curcumin þ amiodarone group that received 200 mg kg À1 of curcumin after first amiodarone instillation and daily thereafter throughout the experimental period of 5 weeks. We selected the 200 mg kg À1 concentration of curcumin for our treatment protocol based upon results from dose -response study. Amiodarone hydrochloride was dissolved in sterile triple distilled water at 601C, cooled and then stored at 41C. The solution was brought to room temperature before instillation. Curcumin was suspended in corn oil (100 mg ml À2 kg À1 body weight day
À1
) and administered by gastric intubation. All animals received humane care during the experimental time period.
Preparation of alveolar macrophage-conditioned medium and TNF-a measurement
Six rats per treatment group were killed at day 3, day 5, week 1, week 3 and week 5 after amiodarone administration by an overdose of sodium pentobarbital (75 mg kg À1 ) following standard ethical procedures. The lungs were then lavaged five times with calcium-and magnesium-free phosphate-buffered saline, pH 7.4 at a volume of 5 ml wash
À1
. Pooled bronchoalveolar lavage fluid (BALF) was filtered through sterile guaze to remove mucous and particulates and then centrifuged at 300 Â g for 10 min. Erythrocytes were lysed, and after washing thrice with Rosewell Park Memorial Institute (RPMI)-1640 media, the pelleted cells were resuspended in RPMI-1640 media containing 25 mm HEPES. Aliquots of the cell suspension were counted by a hemocytometer and cell viability (495%) was measured by trypan blue exclusion. Differential cell counts were performed on cytocentrifuge preparations that were fixed in methanol and stained with Diff-Quik. The BAL cells were resuspended in RPMI-1640 media supplemented with 2 mm glutamine, antibiotics and 10% heat-inactivated fetal bovine serum. The cells were seeded (1 Â 10 6 cells ml
) to a 24-well tissue culture plate and allowed to adhere for 2 h at 371C in a humidified atmosphere in 95% O 2 : 5% CO 2 , after which the nonadherent cells were removed by washing three times with fresh RPMI-1640 media. Alveolar macrophage-enriched monolayers collected at day 3, day 5, week 1, week 3 and week 5 after amiodarone administration were cultured in duplicate at a density of 1 Â 10 6 ml À1 in RPMI-1640 media in the absence or presence of 1 mg ml À1 lipopolysaccharide (LPS; serotype 0111:B4) for 24 h. Macrophage-conditioned medium was collected, centrifuged and cell-free supernatants stored in aliquots at À801C. Appropriately diluted conditioned media were measured for tumor necrosis factor-a (TNF-a) using commercial rat enzyme-linked immunosorbent assay (ELISA) kit. The assay was performed using the protocol supplied by the manufacturer.
Protein assay
BALF was centrifuged at 300 Â g for 10 min to remove cells, and the supernatant was recentrifuged for 20 min at 48,000 Â g to remove particulate materials. Protein concentration in the supernatant was then determined by the protein assay system, using bovine serum albumin (BSA) as the standard. The protein assay was performed essentially following the protocol supplied by the manufacturer.
Measurement of lung myeloperoxidase activity
Myeloperoxidase (MPO) activity of lung tissue was measured by the method of Bradley et al. (1982) . Briefly, lung tissues were homogenized in 20 mm of potassium phosphate (1 : 10, w v À1 ; pH 6.0) and aliquots of the homogenates were added to a buffer solution containing 0.5% hexadecyltrimethylammonium bromide dissolved in 50 mm potassium phosphate buffer, pH 6.0. Samples were sonicated (60 s at 41C) and then centrifuged for 30 min at 40,000 Â g at 41C. Aliquots of the supernatant were allowed to react with a solution of odianisidine hydrochloride (0.167 mg ml À1 in phosphate buffer, pH 6.0) and 0.0005% hydrogen peroxide. The rate of change in absorbance at 460 nm was used as an index of MPO activity. One unit of MPO activity is defined as the volume of the supernatant that degrades 1 mmol peroxide min À1 at 371C.
Measurement of superoxide anion generation
Alveolar macrophage release of superoxide anion was estimated by the ferricytochrome c reduction method in which superoxide dismutase -inhibitable cytochrome c reduction is taken as an index of superoxide generation (Babior et al., 1973) . Results of superoxide anion production were expressed as nmol (10 6 cells) À1 (20 min) À1 .
Measurement of lactate dehydrogenase activity
Lactate dehydrogenase (LDH) activity in lung lavage fluid was estimated by monitoring the oxidation of pyruvate coupled with the reduction of NAD at 340 nm with an LDH assay kit. Results were expressed as units l À1 . LDH activity (1 U) is defined as the amount of enzyme that converts 1 mmol of lactate to 1 mmol of pyruvate with the concomintant reduction of 1 mmol of NAD to 1 mmol of NADH min À1 l À1 of sample.
Hydroxyproline assay
After BAL, lung tissues were excised, washed free of blood in ice-cold physiological saline and stored at À801C until further analysis. A portion of the frozen lung tissues was freeze-dried and then hydrolyzed in 6 n HCl at 1101C for 20 h. After hydrolysis, samples were neutralized with 10 n NaOH and assayed for hydroxyproline content (Woessner, 1961) as described previously (Venkatesan et al., 1998) . Briefly, 2 ml of the samples containing 2 -10 mg of hydroxyproline were placed in test tubes. Hydroxyproline oxidation was initiated by adding 1 ml of chloramine-T to each tube. The tube contents were vortexed for 2 min and allowed to stand for 20 min at room temperature. Adding 1 ml of perchloric acid to each tube then destroyed chloramine-T. The contents were mixed and allowed to stand for 5 min. Finally, 1 ml of p-dimethylbenzal-
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Western blot analysis of TGF-b1, type I collagen and cJun
Frozen lung samples were finely cut with scissors and then homogenized with a Polytron homogenizer in 0. 05 m TrisHCl, pH 7.6, 0.15 m NaCl, 0.5% (v v À1 ) Triton X-100, containing 10 mm EDTA, 1 mm PMSF, 1 mg ml À1 leupeptin and 1 mg ml À1 aprotinin. The homogenate was centrifuged at 10,000 Â g for 5 min and the protein content in the supernatant was determined by the protein assay system from Bio-Rad, using BSA as the standard. Protein (50 mg) was run on a 10% SDS -PAGE gel and the separated proteins were transferred onto nitrocellulose membranes. After transfer, the nonspecific protein binding sites on the membranes were blocked with 5% (w vol À1 ) dried nonfat milk in Tris-buffered saline (TBS; 0.02 m Tris; 0.5 m NaCl; pH 7.6) with 0.1% Tween-20 (TBS-T) for 1 h at room temperature. The membranes were then probed with primary antibodies against transforming growth factor-b1 (TGF-b1) (1 : 1000; specific for the mature form of TGF-b1), type I collagen (1 : 1000; rabbit anti-mouse) or c-Jun (1 : 1000) for 1 h at room temperature. After washing with TBS-T, membranes were incubated with horseradish peroxidaselabeled secondary antibodies (1 : 2000) for 1 h at room temperature, and washed again with TBS -Tween-20. The immunoreactive bands were visualized by enhanced chemiluminescence.
Densitometry
Quantification of Western blots of type-I collagen, TGF-b1 and c-Jun protein was performed with an image analyzer software (Fluorchem, Alpha Innotech Corporation, San Leandro, CA, U.S.A), which measures the sum of all the pixel values after background correction. The mean values of three individual observations are represented in a bar graph.
Materials
Amiodarone hydrochloride, BSA, chloramine-T, curcumin, Diff-Quik, p-dimethylbenzaldehyde, hydroxyproline, LDH assay kit, LPS (serotype 0111:B4), perchloric acid, proteinase inhibitors, Triton X-100, Trizma base, Tween-20 and horseradish peroxidase-labeled secondary antibodies were obtained from Sigma chemicals, St Louis, MO, U.S.A. Protein assay kit was purchased from Bio-Rad, Hercules, CA, U.S.A. TGF-b1 antibody and rat TNF-a ELISA kit were obtained from R&D Systems, MN, U.S.A. Type I collagen antibody was obtained from Research Diagnostics Inc., NJ, U.S.A. Antibody to c-Jun protein was obtained from BD Transduction Laboratories, NJ, U.S.A. Tissue culture media and reagents were purchased from HiMedia Laboratories Pvt. Limited, Mumbai, India. All other reagents were of analytical grade and commercially available.
Statistics
Data are expressed as means7s.d. of six observations from six different rats. Statistical evaluation of the differences between the groups was carried out with two-way analysis of variance and significant differences between experimental groups were determined at Po0.05. Table 1 shows the values of water-and curcumin-treated control groups for various biochemical and cellular constituents, and the variations in these values were not statistically different within each group over the 5-week study period. Curcumin administration reduced amiodarone-induced lung fibrosis (as measured by lung collagen content, which is a classical biochemical marker of lung fibrosis). Amiodarone significantly enhanced the deposition of lung collagen ( Figure 1a ) and the highest dose of curcumin (200 mg kg À1 body weight) offered maximal suppression of collagen deposition in fibrotic lungs. However, the two lower concentrations (50 or 100 mg kg À1 body weight) of curcumin did not significantly alter the increased lung collagen content induced by amiodarone (Figure 1b) . Therefore, we selected the 200 mg kg À1 dosage as the most effective and used it in further experiments.
Results
Consistent with the development of pulmonary inflammation and damage of the alveolar integrity, amiodarone treatment resulted in significantly higher levels of total protein in lung lavage fluid on both days 3 and 5, while curcumin was able to reduce the increased content of protein in BALF in amiodarone-treated rats (Figure 2a) . A significant increase in LDH activity was observed in BALF of amiodarone rats on days 3 and 5 and treatment with curcumin resulted in blunting of LDH elevation (Figure 2b ). The levels of protein and LDH in BALF from amiodarone rats were not different from control groups at 1-, 3-and 5-week postdrug treatment. Amiodarone administration was accompanied by a significant increase in both total cell count and individual cell types recovered from BALF. Compared with control groups, amiodarone caused a 4.8-fold and a 3.1-fold increase in total cell counts at 3 and 5 days, respectively, after amiodarone; however, the total cell counts in the lung lavage fluid were not statistically different from baseline levels at latter time points (Figure 3a) . Amiodarone-administered rats demonstrated significantly higher numbers of alveolar macrophages on days 3 and 5 after amiodarone exposure (Figure 3b ). Neutrophils ( Figure 3c ) and eosinophils ( Figure 3d ) were also significantly increased in a manner similar to alveolar macrophages on days 3 and 5, with a peak increase on day 3 after amiodarone exposure. Interestingly, curcumin treatment significantly reduced the early increases in both total and differential cell counts (Figure 3) .
Lung MPO activity was measured as an indicator of neutrophil accumulation in amiodarone-injured tissue. The results demonstrated an increase in lung MPO activity at days 3 and 5 after amiodarone administration and curcumin treatment potentially inhibits amiodarone-induced early increases in lung MPO activity (Figure 4 ). Compared to control groups, the levels of MPO activity were unchanged at 1-, 3-and 5-week postamiodarone treatment. Baseline release of 1344
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À1
), macrophage release of TNF-a started to increase at 3 weeks after amiodarone treatment and reached higher levels at 5 weeks after amiodarone treatment. Curcumin treatment resulted in significantly lower levels of TNF-a at these time points (Figure 5a ). The results also indicate that alveolar macrophage release of TNF-a from amiodarone rats was not changed during the early time points. Under basal conditions, no significant differences in alveolar macrophage release of superoxide anion were observed between amiodarone and control rats. Interestingly, when stimulated with phorbol myristate acetate (PMA; 0.1 mg ml À1 ), alveolar macrophage from amiodarone rats released significantly increased amounts of superoxide compared to controls. As shown in Figure 5b , superoxide production was significantly higher 3 and 5 days after amiodarone administration, while curcumin treatment resulted in the inhibition of superoxide production in amiodarone rats. The results also show that there was no significant increase in macrophage release of superoxide anion 1-3-, and 5-week postamiodarone treatment. Figure 6a represents the results of experiments involving analysis of type I collagen in the fibrotic lung. It can be clearly seen that immunoblotting with the antibody demonstrates an increase (2.7-fold increase compared to control groups) in the expression of type I collagen in amiodarone lungs, while curcumin-treated amiodarone rats showed a downmodulation of accumulation of type I collagen in fibrotic lungs. We next examined the expression of TGF-b1 in rat lungs at week 1 to week 5 after amiodarone instillation. TGF-b1 protein expression was elevated at week 1, week 2 and week 3 postamiodarone insult, with a peak increase (2.5-fold increase compared to control groups) on week 1. There was no significant change in TGF-b1 protein expression at the latter time-course studied (data not shown). Interestingly, curcumin treatment markedly downregulated amiodarone-induced increases in TGF-b1 expression (Figure 6b) . Data from our studies also indicate a significant increase (two-fold increase compared to control groups) in the expression of c-Jun protein in the lungs 5 weeks after amiodarone instillation. Consistent with a previous study (Chung et al., 2001) , the expression of c-Jun protein was not affected by amiodarone at earlier time points studied. ). No statistical difference was observed in any of the above parameters between water-and curcumin-treated control groups over the 5-week study period. AM: alveolar macrophages; LDH: lactate dehydrogenase; MPO: myeloperoxidase; TNF-a: tumor necrosis factor-a.
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Curcumin treatment significantly downregulated the amiodarone-induced increases in c-Jun protein expression (Figure 6c ).
Discussion
In the present study we show that curcumin, an antiinflammatory antioxidant compound, inhibits amiodaroneinduced lung injury and fibrosis. Characteristically, amiodarone-induced lung injury was associated with biochemical alterations such as increases in BALF total protein (a marker of damage to the alveolar -capillary barrier) and LDH activity (a marker of cell injury). Besides protein and LDH, lung MPO activity (a marker of neutrophil accumulation) is elevated in amiodarone rats. Our data are consistent with previous studies that demonstrated elevated levels of protein, albumin and LDH in amiodarone rats (Wilson et al., 1989; Padmavathy et al., 1992; Taylor et al., 2000) . Interestingly, curcumin inhibited amiodarone-induced increases in the inflammatory activity of the lung that may be related to its membrane-stabilizing and anti-inflammatory properties (Mukhopadhyay et al., 1982; Rao et al., 1982; Nirmala & Puvanakrishnan, 1996) . Recent findings show that activation of macrophages and release of inflammatory and cytotoxic mediators drive amiodarone-induced lung fibrosis (Reinhart & Gairola, 1997; Chung et al., 2001) . Our results demonstrated that alveolar macrophages from amiodarone rats released increased amounts of TNF-a. Accumulation of TNF-a in increased amounts would modulate fibroblast functions, including chemotaxis and synthesis of collagen, glycosaminoglycans, interleukins, collagenase and prostaglandin E2 (Postlethwaite & Seyer, 1990) . Curcumin treatment resulted in marked attenuation of macrophage activation (as evidenced by TNFa release). Inhibition of TNF-a release may alter the production of other proinflammatory cytokines and adhesion molecules (Kumar et al., 1998) , supporting the idea that curcumin inhibition of TNF-a release may be associated with a decrease in fibrotic sequelae. Curcumin has preventive effects on inflammatory cytokine production, including TNF-a, by human peripheral blood monocytes and alveolar macrophages (Abe et al., 1999) . Oxidative stress may also be responsible for amiodarone-induced lung injury, which is supported by enhanced production of superoxide anion by stimulated alveolar macrophages derived from amiodarone-treated rats. Our findings are consistent with the findings of Taylor et al. (2000) , who reported increased cellular oxidant production in amiodarone rats. Thus, elevated levels of superoxide anion release may represent a pulmonary response to injury and amelioration of this response by curcumin could have therapeutic benefits for amiodarone lung injury. Our data also indicate that amiodarone treatment per se did not result in TNF-a release and superoxide anion generation. Conversely, TNF-a and superoxide release was increased after appropriate stimulation with LPS and PMA, respectively, suggesting that amiodarone primes macrophages for TNF-a and superoxide production. These findings are consistent with previous reports Figure 1 Time-course analysis of lung hydroxyproline content in amiodarone-treated rats (a) and the protective effects of curcumin on amiodarone-induced increase in lung hydroxyproline content (b). Rats were killed at several time points after i.t. administration of amiodarone and lung hydroxyproline levels were measured as described under the Methods section. All data are expressed as mean7s.d. (n ¼ 6 rats group À1 time point À1 ). Since there was no statistical difference between water-and curcumin-treated control groups, we show the values of water-treated groups as controls. *Significantly (Po0.01) higher than control groups (dotted line); w significantly (Po0.01) lower than CR(0) þ AMD group; hydroxyproline values in CR(50) þ AMD and CR(100) þ AMD groups are not statistically different from CR(0) þ AMD group; CR: curcumin; AMD: amiodarone; d: day; w: week. ). Since there was no statistical difference between water-and curcumin-treated control groups, we show the values of water-treated groups as controls. *Significantly (Po0.01) higher than control groups (dotted line); w significantly (Po0.01) lower than amiodarone group. CR: curcumin; AMD: amiodarone; d: day; w: week.
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Curcumin inhibits amiodarone lung fibrosis of LPS-stimulated TNF-a release by alveolar macrophages derived from amiodarone-treated rats (Reinhart & Gairola, 1997) . Since TGF-b1 regulates extracellular matrix deposition, including collagens, in the fibrotic tissue (Border & Noble, 1994) , we analyzed TGF-b1 and collagen deposition as targets Figure 3 Effects of curcumin on amiodarone-induced increases in lung inflammation as reflected by influx of inflammatory cells into airspaces. BALF was performed at several time points after i.t. administration of amiodarone, and changes in total cells (a) alveolar macrophages (b) neutrophils (c) and eosinophils (d) were measured as described under the Methods section. Since there was no significant difference in total and differential cell counts recovered by BALF at latter time points between control and amiodarone groups, we present the data for 3 and 5 days postamiodarone administration. All data are expressed as mean7s.d. (n ¼ 6 rats group À1 time point À1 ). *Significantly (Po0.01) higher than control groups;
w significantly (Po0.01) lower than the amiodarone group. CON: water-treated controls; CR: curcumin; AMD: amiodarone; d: day; w: week. BALF was performed at several time points after i.t. administration of amiodarone, and the recovered alveolar macrophages were stimulated either by LPS (1 mg ml À1 ) or PMA (0.1 mg ml À1 ) for the determination of TNF-a and superoxide anion production, respectively. All data are expressed as mean7s.d. (n ¼ 6 rats group À1 time point À1 ). Since there was no statistical difference between water-and curcumin-treated control groups, we show the values of watertreated groups as controls. *Significantly (Po0.01) higher than control groups (dotted line); w significantly (Po0.01) lower than the amiodarone group. CR: curcumin; AMD: amiodarone; d: day; w: week.
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for inhibitory effects of curcumin. In curcumin-treated amiodarone rats, both the production and expression of TGF-b1 protein in the lungs are significantly reduced. We also show that curcumin decreased the elevation in lung hydroxyproline content and type I collagen expression in fibrotic lungs. Curcumin also decreased the excessive deposition of lung collagen in bleomycin-induced pulmonary fibrosis in rats (Punithavathi et al., 2000) . Therefore, it is possible that curcumin may modify the fibrotic phenotype of fibroblasts and thus modulate fibrous tissue formation in the lung tissue by altering fibroblast collagen synthesis and deposition. The mechanisms behind curcumin inhibition of collagen deposition may be similar to that in liver injury as reported by a recent study that showed that curcumin inhibits collagen deposition by downregulating collagen mRNA expression (Kang et al., 2002) , suggesting that curcumin might inhibit collagen gene transcription in amiodarone-induced lung fibrosis in rats. c-Jun protein, a nuclear transcription factor belonging to the activator protein-1 (AP-1) family of inducible proteins, has been implicated in inflammatory and fibroproliferative processes (Kim et al., 1990; Angel & Karin, 1991; Chung et al., 1996) . An interesting study (Chung et al., 2001) showed that the development of amiodarone lung fibrosis is associated with the accumulation of c-Jun protein. Consistent with this study, we observed an increase in the expression of c-Jun in the lungs of amiodarone rats. Significantly, our data also demonstrate curcumin amelioration of amiodarone-induced increases in cJun protein expression. Curcumin-mediated inhibition of c-Jun expression therefore could contribute to downregulation of a battery of genes involved in fibrotic tissue remodeling. It is of great interest to note that curcumin has been shown to be a potent inhibitor of c-Jun induction (Sato et al., 2000) .
It is interesting to know that curcumin is effective against lung fibrosis across different experimental models, including amiodarone-induced lung fibrosis. The antifibrotic effect of curcumin against bleomycin lung injury has recently been addressed from our lab (Punithavathi et al., 2000) . Although amiodarone and bleomycin are two distinct therapeutic agents, the development of amiodarone-induced pulmonary injury and fibrosis resembles, in many ways, that of bleomycin (Giri & Wang, 1989) . Our results disclose remarkable similarities in the antifibrotic effects of curcumin against amiodarone lung injury as it was against bleomycin. Strikingly, in both models, curcumin treatment resulted in the attenuation of several indices of inflammation and fibrosis (a significant reduction in inflammatory activity and macrophage activation, a decrease Figure 6 Inhibitory effects of curcumin on amiodarone-induced increases in type I collagen (a), TGF-b1 (b) and c-Jun protein (c) expression in the lung tissue. Lung tissue proteins were separated by SDS -PAGE, transferred onto nitrocellulose membranes and then probed using antibodies against type I collagen (a) or TGF-b1 (b) or c-Jun protein (c). Both type I collagen and c-Jun expression were analyzed 5 weeks after amiodarone administration, while TGF-b1 analysis was carried out on 1 week postamiodarone instillation. Quantitative analysis of the respective immunoblots was accomplished by an image analysis system as described under the Methods section. Findings are representative of three separate observations from three different rats. *Significantly (Po0.01) higher than control groups; w significantly (Po0.01) lower than the amiodarone group at the corresponding time. CON: water-treated control; CR: curcumin; AMD: amiodarone.
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Curcumin inhibits amiodarone lung fibrosis in oxidative stress and collagen deposition). Results of these studies indicate that the antifibrotic effects of curcumin may be due to its antioxidant and free radical scavenging properties (Ammon & Wahl, 1991) . The structural characteristics such as the phenolic and the methoxy group on the phenyl ring and the presence of 1,3-diketone system make curcumin a potent inhibitor of lipid peroxidation (Araujo & Leon, 2001 ), compared to other antioxidant agents. Whereas the inability of N-acetylcysteine to attenuate amiodarone lung injury in hamsters has been reported (Leeder et al., 1994) , the efficacy of ambroxol in inhibiting amiodarone lung injury has not yet been studied. Curcumin may also be beneficial as a candidate for anti-inflammation and antifibrosis, since it not only downregulates nuclear factor kappa B (NF-kB) but also inhibits AP-1, a transcription factor that often acts in concert with NF-kB to regulate the expression of various inflammatory mediators. Our results suggest that dietary supplementation of curcumin may prove beneficial in both these models, a finding of significant clinical interest. The daily intake of curcumin capable of exerting antifibrogenic effects in humans, equivalent to the 200 mg kg À1 day À1 dose that was effective here in rats, when calculated on the basis of equivalent body surface area would be 1.9 g person À1 day
À1
, when the body weight of an adult is assumed to be 60 kg. Cheng et al. (1998) found in a phase I clinical trial that an oral dose of up to 8 g day À1 of curcumin is safe without toxic side effects. There are reports that high doses of curcumin or turmeric in the diet are relatively safe (Deodhar et al., 1980; Satoskar et al., 1986) .
To conclude our results indicate a protective role for curcumin in amiodarone-induced lung fibrosis. Our demonstration that curcumin inhibition of amiodarone-induced elevated production of TNF-a, TGF-b1, collagen deposition and c-Jun protein may help explain the reduction in fibrotic changes seen after amiodarone challenge and the antifibrotic properties of curcumin. Since curcumin has been shown to reduce myocardial infarct size and improve postischemic cardiac function (Sato et al., 2000) , our findings may have therapeutic implications for the clinical use of curcumin to attenuate amiodarone-induced lung fibrosis without modifying the therapeutic effect of amiodarone in cardiac disorders.
